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[57] ABSTRACT 

A fuzzy inference engine has a plurality of individual 
inference sections (10) and a concluder section (110) for 
integrally processing outputs from the inference sec- 
tions. In order for the inference sections to share mem- 
bership function circuits and membership function gen- 
erator circuits, these circuits are arranged in arrays 
disposed at location external with respect to the infer- 
ence sections, which selectively use outputs from mem- 
bership function circuit arrays (11, 12, 13) and the mem- 
bership function generate circuit array (15). 
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position) of the membership function. In this configura- 

FUZZY INFERENCE APPARATUS lion, the MFG 105 is supplied with a code representing 

linguistic information to produce a membership func- 

BACKGROUND OF THE INVENTION tion associated with the linguistic information. The 

Field of the Invention ^ concluder section 110 includes a logic union circuit 111 

. . . , ^ . . . for achieving an MAX operation on the membership 

The present mvention relates to a fuzzy mference ^^^^^.^^^ ^^^^^^^ ^^^^ .^^^^^^^^ ^^^^.^^^ 

Sr^^^r^^ f defuzziler 112 for defu..^^^^ an output from the 

a membership function circuit or a membership function logic umon circuit 111 to produce a determmant output, 

generator of a fuzzy inference apparatus. ^^^^ ^^^^n circuit 111 produces a fuzzy output. 

As described above, the conventional fuzzy inference 

Description of the Prior Art apparatus is provided with an MFC and an MFG for 

A fuzzy inference is achieved in accordance with each rule (i.e. for each individual inference section 100). 
rules in the form of If . . . then . . . (modus ponens). The ,5 Even a membership function represented with the same 

rule is represented in a format "If x is A and y is B and linguistic information is required to be set each time the 

z is C, then w is D.** function is assigned to a rule. In consequence, there 

In this representation, x, y, and z are input variables arise problems that an error occurs in the setting opera- 

of an antecedent, A, B, and C are membership functions tion and that the setting operation requires a long period 

thereof, w is a variable of a consequent, and D is a of time. 

membership function thereof. Furthermore, when using such a conventional fuzzy 

In the example above, the antecedent includes three inference apparatus, in a case where two or more infer- 

kinds of input variables. In a case of two kinds thereof. ence systems are provided and the membership func- 

the rule is expressed as follows. tions vary between the respective inference systems, it 

"If X is A and y is B, then z is C." Namely, x and y are necessary to prepare the fuzzy inference apparatuses 

input variables of an antecedent, A and B are member- ^hg^e are inference systems. 

ship functions thereof, z is a variable of a consequent, Referring now to FIG. 2. a description will be given 

and C is a membership function thereof in this represen- ^^^^^ inference process in the individual infer- 

^ 1- ■ ^ * ence section in a case of two input variables. 

The membership functions such as A to D are repre- ^^^^ are respectively supplied 

'Z'^r^p^^^^'i!^^^ ^tw ^'^^^ i^P^ts x.and yosuch that outputs a and b therefrom 

f^Z'^Zklr^.^ P W ^'^^LT. ^^^^ to the logical intersection circuit 104. This cir- 
information items, P, N, L, M, and S denote positive, . . , * ft. « -1,. 

negative, large, medium, and small, respecti^ly. In ^^^^ ^^^^^^ ^'^^"^^ ^P^^^l ^^^^^^ 
consequence, expressions PL and NS stand for positive ^^^P^^ b m this case, so as to output the signal b there- 
large and negative small, respectively. ZR indicates ^5 from. On the other hand the MFG 105 produces the 
almost zero. The linguistic information may be ex- membership function C. The function C and the output 
pressed, for example,, with binary codes each compris- b from the circuit 104 arc subjected to an MIN opera- 
ing a plurality of bits. tion in ^ogic union circuit 106. 

FIG. 1 shows a conventional fuzzy inference appara- As described above, since the MFG 105 outputs a 
tus, which includes a plurality (associated with a num- ^ voltage signal which is distributed on a plurality of 
ber of rules to be established) of individual inference signal lines to represent a predetermined membership 
sections or engines 100 and an integrator section 110^ function, the output signal from the MFG 105 is ex- 
connected thereto. Each inference section 100 com- pressed as a set of voltage Ci (i = 1 to n) as shown in 
prises membership function circuits (to be abbreviated FIG. 3. In consequence, the results from the MIN oper- 
as MFC herebelow) 101, 102, and 103 each being sup- ation are also represented as a set of voltage signals 
plied with an input variable to produce a signal (e.g. a distributed on n signal lines and develop values in a 
voltage signal) representing an associated value of a discrete form. 

membership of an antecedent, a membership function Since the MFG 105 outputs a signal distribution on a 
generator (to be abbreviated as MFG herebelow) 105 plurality of signal lines, such plural signal lines arc re- 
fer generating a signal representing a membership func- 50 ^^.^^^ inference section 100 but also in 
tion of a consequent (e.g. a voltage signal distributed determinant or concluder section 110, which in- 
onto 25 lines, which transmit the voltage distnbution ^^^^^ ^j^^ ^^^^^^^ ^^^^^ ^^e circuit 
and which are represented by a hatched bus m FIG. 1; configuration to be complex. Since the membership 
reference IS to be made to the U.S. patent application ^^^^^j^^ ^ ^^^^^^ ^ ^ ^^3^^^^^ 
Ser. No. 07/1 1^ J77 and the European Patent Applica- 55 ^^^^^ J^^^ ^ ^^^^^^ ^^^^ 
tion No^ 87 1 16 529 60. a logic intersection circuit 04 > ^ ^^^^^^ ^^^^ 
for conducting a MIN operation on outputs from the „. e - r * 
MFCs 101 to 103. and a logic union circuit 106 for , Incidentally, m a fuzzy mference apparatus, a mem- 
computing a MIN operation on outputs from the logic ^^^^'P ^"'^ ^ membership function 
intersection circuit 104 and the MFG 105. Each of the 60 generator circuit are necessary as descnbcd above. In a 
MFCs 101 to 103 is supplied with a reference voltage case where the membership function circuit or the 
(to be abbreviated as R.V. in drawings) corresponding membership function generator circuit is implemented 
to linguistic information (to be abbreviated as L.I. in in a digital circuit, there are m general employed a 
drawings), so as to be set to produce a membership memory method in which a function value (an output 
function conforming to a rule. Moreover, other parame- 65 value) is stored in a predetermined location to be ac- 
ters of the membership function outputted from the cessed by use of a variable value (an input value) as an 
MFC is set by use of a parameter setting unit not shown. address thereof or a method in which a form or format 
The reference voltage defines a peak position (center of a function formula is registered such that an input 
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value is assigned thereto so as to produce an output there are linguistic information items. Membership 

value. functions asociated with the linguistic information items 

However, in the memory method above, in order to are set together in a form of an array. For each linguistic 

improve the precision of the function value to be pro- information item, a membership function value (a grade 

duced, the interval between variables as addresses is 5 indicating a degree at which an input variable belongs 

required to be minimized, which leads to a disadvantage to a membership function) for an input is outputted in a 

that a large memory and a considerable manual opera- parallel fashion such that the outputs are supplied to the 

tion are necessary for setting the membership function. respective individual inference sections and that mem- 

Morcovcr, in a case of a membership function repre- bership function values are selected in conformity with 

senting senses of a human, it is difiicult to establish quite 10 the linguistic information items set to the rules, 

complicated items for the senses at the setting phase, In consequence, according to the first invention, the 

and such items do not develop so significant functions. following efTects are developed. 

In the latter case of the method above, since the mem- A membership function for the same linguistic infor- 

bcrship function value is to be computed by a software mation need only be set only once, and hence the setting 

program, there has been a problem that a long period of 15 error does not take place. 

time is required. Since the linguistic information setting is accom- 
plished at a position, the linguistic information can be 
easily expanded. 



SUMMARY OF THE INVENTION 



It is therefore an object of the present invention to Since membership information items with respect to 

provide a fuzzy inference apparatus which facilitates 20 the linguistic information are not duplicated, the space 

setting and adjustment of the MFC and MFG. and cost associated with the information are advanta- 

Another object of the present invention is to provide geously reduced, 

a fuzzy inference apparatus which can be applied also to A fuzzy inference apparatus according to the second 

two or more inference systems. invention is characterized by comprising a set of MFCs 

Still another object of the present invention is to 25 of which the number is equal to the number of associ- 

pro vide a fuzzy inference apparatus which has a simpli- ated inference systems, a set of MFCs disposed as many 

lied constitution and in which a membership function is as there are associated systems, first selector means for 

represented with consecutive values. selecting either one of the MFCs in response to a vari- 

Another object of the present invention is to provide able selection input, second selector means for selecting 

a small-sized fuzzy inference apparatus which can oper- 30 either one of the MFGs in response to a variable selec- 

ate at a high speed. tion input, and a fuzzy operation circuit achieving com- 

Still another object of the present invention is to putation to produce outputs from the selected MFC and 

provide a fuzzy inference apparatus having a high per- MFG. 

formance in which a degree of significance of a rule can In consequence, according to the second invention, 

be changed and the shape of a membership function can 35 depending on an inference system to be employed, the 

be altered depending on linguistic information. corresponding MFC and MFG are selected so as to 

Another object of the present invention is to provide switch the inference system in a time-series fashion on 

a fuzzy inference apparatus in which the adjustment is the same fuzzy inference apparatus, which enables a 

facilitated by replacing a membership function genera- hierarchic inference to be easily achieved, 

tor circuit. 40 A fuzzy inference apparatus according to the third 

Still another object of the present invention is to invention is characterized by comprising MFC array 

provide a function generating unit in which when a sets including MFC arrays of which the number is equal 

membership function is registered, the variable values to the number of associated inference systems, each 

to be plotted is minimized and a resolution is increased, array including a required number of MFCs, MFG 

thereby improving the inference precision. 43 array set including MFG arrays disposed as many as 

A fuzzy inference apparatus according to the first there are associated systems, each array comprising a 
invention includes MFC arrays of which a number is required number of MFGs, first selector means for se- 
associated with a number of kinds of input variables to lecting either one of the MFC arrays from the MFC 
be processed, an MFG array, a plurality of individual array set in response to a variable selection input, sec- 
inference sections or engines, and a concluder section 50 ond selector means for selecting either one of the MFG 
for integrating outputs from these individual inference arrays from the MFG array set in response to a variable 
sections so as to produce a final inference output. Each selection input, third selector means for selecting, from 
MFC array includes a predetermined number of MFCs, membership function values outputted from the MFC 
whereas the MFG array includes a predetermined num- array selected by first selector means, a value conform- 
ber of MFGs. Each individual inference section in- 55 ing to a preset rule, fourth selector means for selecting, 
eludes, a first selector circuit for selecting, for each kind from membership functions outputted from the MFG 
of input variable, one of membership function values array selected by second selector means, a function 
outputted from the MFC array, said one membership conforming to a preset rule, and an operation circuit 
function value conforming to a preset rule; a second conducting a fuzzy inference operation on outputs from 
selector circuit for selecting one of membership fiinc- 60 the third and fourth selector means, 
tions outputted from the MFG array, said one member- According to the second invention, there are dis- 
ship function conforming to a preset rule; and an opera- posed MFC and MFG sets for each rule set and hence 
tion unit for achieving a predetermined fuzzy inference the setting operation requires a large amount of human 
operation on outputs from said first and second selector work. However, in accordance with the third inven- 
circuits. 65 tion, the membership function for the same linguistic 

According to the first invention, there are prepared information need be achieved only once, and hence the 

MFC arrays as many as there are linguistic information setting error does not occur. Moreover, since the lin- 

items for each variable and MFG arrays as many as guistic information setting is effected at a location, there 
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is developed an advantage that the linguistic informa- ship function of the consequent, the nonfuzzy output 
tion can be easily expanded. (center of gravity) is obtained through a simple arithme- 

A fuzzy inference apparatus according to the fourth tic operation by use of the second, third, fourth, and 
invention includes a first MFC for producing, in accor- fifth arithmetic means. Consequently, the constitution 
dance with a preset rule, a signal representing a mem- 5 and operations of the system are simplified, 
bership function value depending on an input signal, a As a result, in a case where the fuzzy inference appa- 
scan signal generator circuit for generating a scan signal ratus is implemented in a hardware system, the circuit 
having a fixed period, a second MFC for receiving the size is minimized and hence the cost thereof can be 
scan signal supplied from the scan signal generator reduced. 

circuit so as to produce a signal representing a member- 10 When the fuzzy inference apparatus is implemented 
ship function value depending on an input signal at a ju a software system, the number of required operations 
timing synchronized with the scan signal, and a first reduced and hence a high-speed processing is possi- 
fuzzy operation circuit, for achieving a fuzzy operation 

on the output signals respectively from the first and Furthermore, since the setting of the membership 
second MFCs so as to produce an inference output. 15 function in the consequent can be achieved at a point, 

The founh invention defines a single fuzzy inference ^^ie setting operation is simplified, 
section. In general, there are disposed a plurality of such apparatus according to the seventh invention 

inference sections. Desirably, the system includes a includes, in addition to the fuzzy inference apparatus 
concluder section of the following configuration ac- according to the sixth invention, coefficient means for 
cordmg to the fifth invention. 20 jnuitiplying the output from the first operation means 

An apparatus according to the fifth invention is char- ^ coefficient specified for each said rule, 

acterized by including a plurality of first fuzzy mference ^^^^^ inference apparatus according to the 

sections, a second fuzzy operation circuit for achieving ^^^^^^^ invenlion, due to provision of the coefficient 
an operation to integrate output signals from the first ^ ^^^^ representing the result of the operation 

fuzzy inference sections and a third anthmetic circuit 25 antecedent attained from the first operation 

for receiving the output scan signal from the scan signal ^^^^^ multiplied by a coefficient specified for 

generator circuit so as to process the output signal from ^^^^ ^^.^ 

the second fuzzy operation circuit, thereby translating ^ '.^ .^^j, j, i, ,3;^^ ,0 change the 

the signal into a signal representing a nonfuzzy value. , r i. f*u u u- 

A J- * *f f Lu J rc.v • ♦i,^ irt degree of importance or a shape of the membership 

According to the fourth and fifth inventions, the 30 _ ^ . . * u • i. • *i. <• 

membership function of the consequent is produced ^"'"'f consequent which increases the free- 

from the second MFC. Since the signal outputted from °f °P<='^"°" ^^^^ ^PP^^^" 

the second MFC is represented as a function with re- ^. , . . , ^ 

spect to time on a single hne. the required number of , ^n apparatus according to the eighth mvention m- 
lines is reduced so as to simplify the system configura- 35 \P^"?^^^y.°^ membership function circuits or 

tion. Moreover, the output signal from the second MFC membership function generator circuits for producing 
represents continuous values. In addition, since the signal representing a membership function such that a 
same signal is employed for the scan signal of the non- f^^^V operation is executed based on signals delivered 
fuzzy value operation and that for the second MFC, ^^^m the plural circuits and is characterized in that the 
these circuits arc guaranteed to be synchronized with 40 membership function circuits or membership function 
each other to accomplish an operation with a high pre- generator circuits are implemented as separate umts so 
^jgjQj^ as to be detachably mounted on the fuzzy inference 

A fuzzy inference apparatus according to the sixth apparatus, 
invention include membership function circuit means Between the main body of fuzzy inference apparatus 
disposed for each preset rule to output, in accordance 45 and the membership function circuits or membership 
with a antecedent of said each rule, an signal represent- function generator circuits, the power and signals need 
ing membership function values corresponding to input only communicate via contact points such as plugs. By 
signals, first operation means for achieving a predeter- providing a plurality of membership function circuits or 
mined operation, for each said rule, on signals outputted membership function generator circuits, the setting and 
from the membership function circuit means, setting 50 alteration of fuzzy inference rules and membership 
means disposed for each preset rule to set a center posi- functions can be achieved by replacing membership 
tion of a membership function of a consequent of each function circuits or membership function generator 
said rule, second arithmetic means for achieving a mul- circuits, namely, the setting and altering operations can 
tiplication, for each said rule, between a value produced be achieved in a quite efficient fashion, 
from the first operation means and the value represent- 55 In accordance with the eighth invention, since the 
ing the center position set by the setting means, third membership function circuits or membership function 
arithmetic means for conducting an addition of a value generator circuits are detachably installed in the body 
representing a product attained from the second arith- of the apparatus, adjustment of fuzzy inference rules 
metic means between a plurality of preset rules, fourth and membership functions can be correctly accom- 
means for conducting an addition of a value outputted 60 plished by replacing membership function circuits or 
from the first operation means between a plurality of membership function generator circuits; furthermore, 
preset rules, and fifth arithmetic means for dividing the even when a plurality of control objects are to be con- 
results of arithmetic operations conducted by the third trolled, fuzzy inference rules and membership functions 
arithmetic means by the results of arithmetic operations suitable for the control objects can be set only by re- 
conducted by the fourth arithmetic means. 65 placing membership function circuits or membership 

In accordance with the sixth invention, based on the function generator circuits. In consequence, the adjust- 
output value from the first operation means and the mcnt of the fuzzy inference apparatus is facilitated and 
value representing the center position of the member- a single unit of apparatus can be efficiently utilized. 



09/02/2004, EAST Version: 1.4.1 



An apparatus according to the ninth invention is 
characterized by including memory means for storing 
therein function values corresponding to a plurality of 
reference variable values as reference function values 
and supplement means for reading from the memory 
reference function values of reference variable values 
between which an input variable value exists so as to 
effect an approximation of a function value of the input 
variable value to produce the function value. 

In the function generating unit according to the ninth 
invention, when a variable is supplied thereto, (two) 
reference variable values (precceding and succeeding) 
the input variable values are detected so as to read out 
from the memory reference function values associated 
with these reference variable values. Based on the refer- 
ence function values, an approximation is conducted to 
attain a function value corresponding to the input vari- 
able value. The approximate computation is achieved in 
a known method, for example, in a linear approxima- 
tion. 

In the function generating unit according to the ninth 
invention, reference function values associated with a 
plurality of reference variable values selected from the 
continuously changing variables are beforehand stored 
in a memory, so that for any input variable value, an 
approximation is achieved to attain a function value of 
the input variable value by use of the reference function 
values. In consequence, when the function generating 
unit is employed in a membership function circuit or a 
membership function generator circuit, the capacity of 
the memory for storing therein the membership func- 
tions can be minimized. Furthermore, when establishing 
a membership function, the setting operation can be 
accomplished with a precision (roughness) of a degree 
at which a human can judge own senses. When the 
membership function is adopted to achieve a fuzzy 
inference, there is attained a higher and satisfactory 
precision. Moreover, even when such a high precision is 
developed, the operation speed is rarely lowered. 

The function generating unit may be used, in addition 
to the membership function circuit or the membership 
function generator circuit, as various pattern storage 
circuits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and advantages of the pres- 
ent invention will become apparent by reference to the 
following description and accompanying drawings 
wherein: 

FIG. 1 is a schematic diagram showing the constitu- 
tion of a conventional fuzzy inference apparatus or 
engine; 

FIGS. 2 and 3 are schematic diagrams showing a 
fuzzy inference procedure; 

FIG. 4 is a block diagram schematically showing the 
configuration of a fuzzy inference engine as a first em- 
bodiment according to the present invention; 

FIG. 5 is a diagram showing the constitution of a 
membership function circuit array; 

FIG. 6 is a schematic diagram showing the constitu- 
tion of a membership function generator circuit array; 

FIG. 7 is a circuit diagram schematically showing an 
example of the membership function circuit; 

FIG. 8 and FIGS. 9a to W are diagrams showing 
control examples in which FIG. 8 is a diagram showing 
the configuration of a liquid surface level control and 
FIGS. 9 J to 9d are graphs showing various membership 
functions; 



1,071 

8 

FIG. 10 is an explanatory diagram useful to explain 
an operation in which membership function values are 
produced; 

FIG. 11 is a block diagram schematically showing the 
5 configuration of a fuzzy inference engine as a second 
embodiment according to the present invention; 

FIG. 12 is a diagram showing the constitution of a 
membership function circuit array set; 
FIG. 13 is a schematic diagram showing the constitu- 
10 tion of a membership function generator circuit array 
set; 

FIG. 14 is a block diagram schematically showing the 
configuration of a fuzzy inference engine as a third 
embodiment according to the present invention; 
15 FIG. 15 is a block diagram showing an embodiment 
according to the fourth and fifth inventions; 

FIG. 16 is a graph showing input/output characteris- 
tics of a membership function circuit; 
FIGS. 17fl, 176, and 17c are graphs showing wave- 
20 forms of input/output signals in the respective blocks of 
an individual inference section; 

FIGS. 18a, 186, and 18c are graphs showing wave- 
forms of input/output signals in the respective blocks of 
a concluder section; 
35 FIGS. 19 to 22 are diagrams showing an embodiment 
according to the sixth invention in which: 

FIG. 19 is a schematic diagram showing a fuzzy infer- 
ence procedure associated with a rule; 
FIG. 20 is a block diagram showing the constitution 
30 of a fuzzy inference engine as the embodiment; 

FIG. 21 is a circuit diagram showing a specific exam- 
ple including a multiplier and an adder; 

FIG. 22 is a circuit diagram showing another example 
of the multiplier; 
35 FIG. 23 is a schematic block diagram showing the 
configuration of a fuzzy inference engine as a seventh 
embodiment according to the present invention; 

FIG. 24 is a circuit diagram showing a concrete ex- 
ample of an amplifier disposed in the system of FIG. 23; 
40 FIG. 25 is a circuit diagram showing a variation ex- 
ample of the inversion amplifier of FIG, 24; 

FIG. 26 is a perspective view showing an appearance 
of a membership function circuit cartridge according to 
an eighth embodiment of the present invention; 
45 FIG. 27 is a schematic block diagram showing a func- 
tion generating arithmetic unit as a ninth embodiment 
according to the present invention; and 

FIG. 28 is a graph for explaining the function of the 
function generating unit. 

^ DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 4 shows the constitution of a fuzzy inference 
engine as an embodiment according to the first inven- 
55 tion. Constituent components identical to those shown 
in FIG. 1 are assigned with the same reference numer- 
als. 

In association with three kinds of input variables, 
there are disposed three MFC arrays 11, 12, and 13. The 

60 MFC array 11 includes, as shown in FIG. 5, MFCs 101 
of which the number is identical (seven in this example) 
. to the number of kinds of linguistic information items. 
Each MFC is supplied with a reference voltage corre- 
sponding to one of linguistic information items PL to 

65 NL. FIG. 7 shows an example of a concrete constitution 
of the MFC 10 Mn this constitution, a reference voltage 
is applied to a terminal M such that a membership func- 
tion is produced in a triangle form with the voltage as 
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the center position (an input associated with the peak In the fuzzy inference engine or apparatus of FIG. 4, 

value of the membership function) of the triangle. In it b only necessary to dispose seven, three, and four 

this case, the input and output voltages are represented MFCs 101 in the MFC array 11 for the deviation e, the . 

as V,A' and Worn- The membership function of the MFC array 12 for the change A e, and the MFC array 
triangle shape has a gradient determined by resistors 5 13 for the discharge flow rate A u. respectively. The 

r£i and rn- By changing these resistors m and xbi, the MFG array 15 for the valve opening OP includes seven 

membership function may have a trapezoidal shape. In MFCs 105 m this situation. 

FIG. 5. the same input is supplied to seven MFCs 101, Measured u»puts eo, A eo. and A uo are respectively 

which then respectively produce function values with supplied to the MFC arrays 11 to 13 The value eo is 
variables set as the inputs of the membership function 10 simultaneously supplied to the respective MFCs 101 of 

representing preset linguistic information. Other MFC ^FC array 11 for the deviation e such that^^^^^^^^^ 

arrays 12 and 13 are also configured in the same fashion. ship function values md.catmg a f^^^'^^^l^f^^'^''^?'^^ 

The configuration further includes individual infer- the respective linguistic mformation (^/^Sfee " ^^'ch 

ence sections 10. Each section 10 includes three selector 'he value belongs ^/he memberstap func lon)^^^^^^^^ 
" : 1^ ^, ^ . ^ . . r 15 DUtted in a parallel fashion. The membership function 

cixcmts 21 to 23. which receive the outpu s fr^^^^^ P^«ea p ^ ^ ^^^^^ the inference 

MFC arrays 11 to 13, respectively, f^^™^^^^^^^^ sections 10 having rules employing the value e. By use 

circuits 21 to 23 is P^v^ded !,?^^:Thrfi^^^^ of the selector circuit 21 of'^each inference section 10. 

hnguistic mformation (abbreviated as L.I in the figures ^.^^^ membership function values is 

as descnbed above) such that of the outputs from the ^^^^^^^ depending on the supplied linguistic informa- 

MFC arrays 11 to 13. membership function values asso- ^.^^ ^1;^^^ processing is also achieved for Ae.and 
ciated with the linguistic information are respectively 

outputtcd from the selector circuits 21 to 23 so as to be ^^^^ opening OP, membership functions asso- 

fed to a logic intersection circuit 104. ^^^^^^ ^-^j^ ^j^^ respective linguistic information items 

The system includes an MFG array 15 constituted ^^^^ delivered to the 

with seven MFCs 105 as shown in FIG. 6. Each MFG respective inference section 10, so that based on the 

105 generates a membership function associated with linguistic information of a rule associated with each 

seven linguistic information items including PL to NL. inference section, the selection of membership function 

The MFG array 105 delivers an output (a voltage distri- ^^^^^ achieved for each inference section. A fuzzy 

bution representing a membership function) to be sup- inference is thus conducted to output a determinant 

plied to a selector circuit 25. Among the seven kinds of ^^^^ an integrated of valve opening OPo from the 

membership functions thus supplied, the selector circuit defuzzifier 112. 

25 selects a function associated with the linguistic infor- pjQ shows an operation in which when an input 

mation inputted thereto so as to feed the selected func- ^ jg supplied to the MFC array 11, membership function 

tion to a logic intersection circuit 106, 35 values related to the respective linguistic information 

Since each MFG 105 is connected to 25 output lines, jtgjns are produced therefrom. For the input a= -0.5, 

the MFG array 15 is linked to the selector circuit 25 by respective membership function values are obtained, 

means of 25x7 output lines. However, if the MFC in rule 1, the linguistic information is represented as 

array 15 is designed to produce seven kinds of member- a=NS, the selector circuit 21 selects a signal on a line of 

ship functions in a time-shared fashion and the selector 40 j^g xo develop an output 0.5. Similarly, in rule 2, a signal 

25 is configured to include a latch circuit so as to latch on a line of PM is selected to output a value 0.0. 

only the selected membership function, there need only jn the embodiment above, although the fuzzy infer- 

25 output lines. For a specific example of MFG, refer- gnce engine is of an analog type, it is natural that the 

ence is to be made to the Japanese Patent Laid-Open present invention is apphcable to an apparatus of a digi- 

Publication No. 63-123177 (associated with the U.S. 45 tal type. 

patent application Ser. No. 116,777 and E.P. Applica- piG. 11 shows a configuration of a fuzzy inference 

tion Number 87 116 529.6 described above.) engine as an embodiment according to the second in- 

As an example of control operation, let us consider a vention. The same constituent elements as those of FIG. 

case where the liquid surface of a cistern is to be kept at 1 are assigned with the same reference numeral. This 

a fixed level. 50 embodiment is employed for a two inference systems. 

Assume here that inputs thereto are considered in in each individual inference section 90, there are 

association with a deviation e of the present liquid sur- disposed MFC sets each including two MFCs (namely, 

face level with respect to a preset value (or level), a MFCs lOlA and lOlB, MFCs 102A and 102B. and 

variation A e of deviation, discharge flow rate A u and MFCs 103A and 103B). This system further comprises 

that an output is represented by use of a valve opening 55 variable selector circuits 91, 92, and 93 associated with 

OP to control the liquid flow rate. For these input and the three MFC sets, respectively. Each of the MFCs 

output data, the following hnguistic information items above is supplied with a reference voltage conforming 

are adopted. to a preset nile. A concrete constitution of the MFCs 

Linguistic information for e are the same as that shown in FIG. 7. 

PL, PM, PS, ZR, NS, NM, and NL. 60 FIG. 12 shows a configuration example of a set of 

Linguistic information for A e MFCs lOlA and lOlB. Each MFC includes a selector as 

P, ZR, and N. a variable selecting circuit 91. It is possible to register a 

Linguistic information for A u variable name to the selector. When a variable name 

ZR, PS, PM. and PL. registered to the selector matches with a variable sclec- 

Linguistic information for OP 65 tion signal supplied thereto, the associated MFC is set to 

PL, PM, PS. ZR, NS. NM. and NL. an active state to operate as a membership function 

FIGS. 9a to 9d show membership functions associ- circuit. It may also be possible that the MFCs lOlA and 

ated wrth these linguistic information items. lOlB are caused to continuously operate as membership 



09/02/2004, EAST Version: 1.4.1 



function circuits so as to selectively output signals 
therefrom depending on a variable selection signal. The 
similar operation is carried out in the other MFC sets 
respectively including the MFCs 102A and 102B and 
the MFCs 103A and 103B. The selected MFC output is 5 
supplied to the logic intersection circuit 104. 

In a similar fashion, each inference section 90 in- 
cludes the MFCs 105A and 105B and a variable selec- 
tion circuit 95 for achieving a selection depending on a 
varible selection signal. FIG. 13 shows a configuration 10 
example of these constituent elements. Each of MFGs 
105A and 105B includes a selector to which a variable 
name can be registered such that by one of the selectors 
having a variable name identical to a variable name 
supplied in a form of a variable selection signal sets the 1^ 
associated MFC 105A or 1058 to an active sute. Or, an 
output from the associated MFC is selectively obtained 
to be fed to the logic intersection circuit 106. For a 
specific example of the MFG, reference is to be made 
to, for example, the Japanese Patent Laid-Open No. 20 
63-123177 as described above. 

In the circuit constitution above, two systems of in- 
ference operations can be achieved in an online and 
time-scries fashion by use of the same inference engine. 

For example, assume here that two systems of infer- 25 
ence operations are given as follows. 

if t = A, b=B, c=C. then u=U (I) 

ifd=D, c=E, f^F, theiivs=V (2) 30 

For the inference of expression (1), the variable selec- 
tion signal line is supplied with a signal to select a mem- 
bership function of expression (1). For the inference of 
expression (2), the variable selection signal line is sup- 35 
plied with a signal to select a membership function of 
expression (2). The operations are sequentially changed 
over therebetween so as to attain an output of the infer- 
ence result, thereby enabling the two-system inference 
operation to be achieved by use of an inference engine 40 
or apparatus. In a configuration in which an output 
from one of two inference systems is kept retained so as* 
to be employed as an input to other one inference sys- 
tem, a hierarchic inference can be accomplished in an 
inference engine. 45 

FIG. 14 shows an embodiment of the inference en- 
gine in acordance with the third embodiment. In this 
constitution, with respect to inference sections 10, 
MFCs and MFGs are externally disposed in association 
with all linguistic information items. The system com- 30 
prises MFC array sets of MFC arrays llA and IIB, 
MFC arrays 12A and 12B, and MFC arrays 13A and 
13B and variable selector circuits 31, 32, and 33 for 
selecting cither one of the associated MFC arrays de- 
pending on a variable selection signal. The variable 55 
selector circuits can be implemented by use of selectors 
described above. Each MFC array includes MFCs 101 
of which the number is identical to that of kinds of 
linguistic information items (seven in this embodiment) 
as shown in FIG. 5. 60 

All MFCs 101 constituting two MFC arrays of each 
MFC array set are supplied with the same input such 
that one of the MFCs 101 of the MFC arrays selected 
depending on the variable selection signal produces a 
function value corresponding to an input related to a 65 
membership function representing preset linguistic in- 
formation. This is also the case for the other MFC array 
sets. 
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Each inference section 10 includes three selector 
circuits 21, 22, and 23, which arc respectively supplied 
with outputs from the selected ones of the MFC arrays 
llA and IIB, MFC arrays 12A and 12B, and MFC 
arrays 13 A and I3B, respectively. The selector circuits 
21, 22, and 23 are respectively supplied with codes 
representing linguistic information. Among the outputs 
from the MFC arrays above, the function values of the 
membership functions associated with these linguistic 
information items are delivered from the selector cir- 
cuits 21, 22, and 23. respectively. The selector circuits 
21, 22, and 23 deliver outputs therefrom to a logic inter- 
section circuit 104. 

Similarly, the system includes MFG array sets of 
MFG arrays 15A and 15B. Each MFG array is consti- 
tuted with seven MFGs as shown in FIG. 6. Either one 
of each MFG array set is selected in a similar fashion 
depending on a variable selection signal. The selected 
MFG array ISA or 15B delivers an output (a volUge 
distribution representing a membership function) to a 
selector circuit 25. From seven kinds of membership 
functions, the selector circuit 25 selects a membership 
function corresponding to linguistic information sup- 
plied thereto so as to deliver the function to a logic 
intersection circuit 106. 

Each MFG 105 is linked with 25 output lines; in 
consequence, the selected MFG array ISA or 15B is 
connected to the selector circut 25 by means of 25x7 
output lines. However, the MFG array ISA or 15B may 
be configured to produce seven kinds of membership 
functions in a time-shared manner and the selector cir- 
cuit 25 includes a latch circuit such that only the se- 
lected membership function is latched therein, which 
necessitates only 25 output lines to be provided for the 
MFG arrays 15A and 15B. 

Although the embodiment above includes a fuzzy 
inference engine of an analog type, it goes without 
saying that the present invention is also applicable to 
apparatuses of a digital type. 

FIG. 15 shows a configuration of a fuzzy inference 
engine as an embodiment in accordance with the fourth 
and fifth inventions. The same constituent components 
as those of FIG. 1 are assigned with the same reference 
numerals. 

This system includes individual inference sections 40 
each comprising an MFC 41 to produce a membership 
function of a consequent. The MFC 41 is supplied with 
a scan signal delivered from a scan waveform generator 
circuit 49. The scan signal has a fixed period and may be 
a sawtooth wave, a triangular wave, or the like. The 
MFC 41 supplies an output signal to a logic intersection 
circuit 42, which conducts a MIN operation between 
the received output signal and an output signal from a 
logic intersection circuit 104 so as to produce the MIN 
result as an output from the inference section 40. 

The MFCs 101 to 103 and the MFC 41 can be config- 
ured with completely the same circuits. A concrete 
example of the configuration is as shown in FIG. 7. 
Each of the MFCs 101-103 is supplied with an input 
V//v-as an input signal thereto so as to deliver an output 
Vot/rto the logic intersection circuit 104. The MFC 41 
receives as an input V/a? thereto an output scan signal 
from the scan waveform generator circuit 49. The out- 
put Vot/ris supplied to the logic intersection circuit 42. 

FIG. 16 shows an example of relationships between 
the input V/A and the output V our of the MFC 41 in 
which the reference voltage applied to a terminal M is 
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set to 2 V. The input V/ams assumed to vary in a range 

from -5 V to +5 V. (4) 

FIGS. 17o, 176. and 17c show along an axis of time (t) CG^ldr hi/ 1 hi 
the input (scan) signal V/a', the output signal VovTf of 

the MFC 41, and the output signal from the logic inter- 5 ^^^^^^ to n and n is the number of rules and d/ 

section circuit 42 (the inference section 40) in a case indicates a position of center of the membership func- 

where the MFC 41 is employed. The logic intersection tion D, of the consequent. 

circuit 104 producing a waveform of FIG. 17c delivers FIG. 20 shows an example of a fuzzy inference engine 

an output set to 3 V. capable of developing as the fmal output the center of 

Since all inference sections 40 are supplied with the gravity CG represented by expression (4). In this con- 
same scan signal, these sections output synchronized figuration, the same constituent components as those 
signals representing the respective inference results, described above are assigned with the same reference 
which are fed to a concluder section 45. numerals. 

The concluder section 45 includes a logic union cir- 15 This system includes setting devices 51. To each 

cuit 46 for achieving a MAX operation on output sig- setting device 51, a value is set to represent a center 

nals from the inference sections 40, a discretizer circuit position d/ of the membership function D/ of the consc- 

47 for translating an output signal from the logic union quent. A MIN result h/ produced from a logic intersec- 

circuit 46 into a set of signals distributed onto a plurality tion circuit 104 is computed with the center position d,- 

of lines, and a defuzzifier 48 for translating an output 20 by means of a multiplier 53 to attain a product dyh/. The 

signal from the logic union circuit 46 into a signal repre- MIN result h/ and the product di-h/ are outputted from 

senting a determinant value. These circuits 47 and 48 an individual inference section 50. 

are also supplied with the output scan signal from the The MIN result h/ is added to each other 
scan waveform generator circuit 49 so that the various 

kinds of arithmetic operations are accomplished at a 25 
timing synchronized with the scan signal. 

The defuzzifier 48 comprises an integration circuit or 
a peak detector circuit so as to achieve the following 

operation as a defuzzication to attain a center of gravity '^^ ^ adder 54 for all rules. Moreover, for all preset 

CG(V). rules, the product d/.h/are similarly added 



35 



CG(fO= JvityVmiOdi/J Vm(Odt (3) 

where, u(t) represents a scan signal and Vm(t) stands for 
an output signal from the logic union circuit 46. The 

integration period is set to the period of the scan signal. by an adder 55. The results of additions carried out by 

FIGS. 18fl, 18Zj, and 18c show waveforms of the scan these adders 54 and 55 arc fed to a divider 56 to achieve 

signal u(t), the output Vm(t) from the logic union cir- the operation represented by the expression (4). In con- 

cuit 46 and the dividend of expression (3). In this case, ^ sequence, the divider 56 produces a Hnal nonfuzzy out- 

the logic union circuit 46 receives as one of the inputs a P^t (center of gravity CG). 

signal of FIG, 17c and as other one input a signal ob- . Comparing the circuit constitution of FIG. 20 with 
tained when the output from the logic intersection cir- conventional example of FIG. 1, the logic mtersec- 
cuit 104 is 1 V circuits 106 and the MFGs are unnecessitated in the 
Next, a description will be given of an embodiment in 45 ^^^odiment of FIG 20; furthermore there need only 
accordance with the sixth invention. output termmals and two winng hnes. In addition, 
HG. 19 shows an inference procedure of a rule in a '^f^ concluder secuon 110 can be constituted with an 
/. /. • , • . , adder and a divider, which simplifies the overall struc- 
case of three kinds of input vanables. r ■ i • 
. , .T_.r - • *vvr»^**i_ ture of the fuzzy inference engine. 
Assume here that for given inputs Xq, i Oj Zq, etc., the t-,^ . • j- 1. * 
1, . . . , . . u ^iT " J. *n FIG. 21 IS a circuit diagram showmg a specific exam- 
result h is obtained through the MIN operation con- 50 * ♦i,^ „ j %/* ; ^ ec • 1 
, , - . , * , , • J * V i_ pie of the multiplier 53 and the adders 54 and 55 imple- 
ducted on function values ^ b, ^d c associated with t^^^ P ^^^^^ ^^^^^ 

membership functions A B, and C. Applymg the MIN configuration includes an individual inference 

resultstoamcmbcrshipfunctionDoftheconsequent,a ^^^^^^ ^ ^^.^^ ^ j^^^ intersection circuit 104 pro- 

membership functiori S having a trapezoidal shape is ^^^^^ ^„ ^ ^3,^^ 3 h,. The voltage h/is 

obuined as mdicated by a shade portion m FIG. 19. applied to a resistor R, which flows a current h//R. Tlie 

Namely, this is atumcd as an mfcrence result from an ^^^^^^ ^^Itage h/ is also supplied to a resistor r/d/ to 

individual inference section 100 (refer to FIG. 1 for fl^^ ^ current {h/.d/)/r. The resistance value of the 

details.) resistor r/di is inversely proportional to a value d/ rcprc- 

In a concluder section 110. the inference results S are ^ senting the center position of a membership function set 

subjected to a MAX operation. In a case to attain a to the consequent. That is, the resistor r/d/ constitutes 

nonfuzzy output through a method of center of gravity, the setting device 51 and the multiplier 53. 

this section 110 computes the center of gravity from the The configuration also includes a wired OR section 

result of the MAX operation. 54A to conduct an addition of hf/R. The resistor R and 

If the membership function D of the consequent is 65 the wired OR 54A constitute the adder 54, The adder 55 

horizontally symmetric with respect to the center d, the comprises a wired OR 55A to achieve an addition of the 

center of gravity CG is attained from the following current (hyd,) /r. An output from the wired OR 55A is 

expression. supplied to a divider 56, which divides the output by an 
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output from the wired OR 54 A so as to output the result resistors in response to a gain decision signal supplied 
of the division as a nonfuzzy output. thereto. When a gain decision signal is inputted to the 

FIG. 22 shows an exaniple of variation of the resistor analog multiplexer 58, one of the registers is selected 
r/d| in which the membership function of the conse- depending on an indication content of the signal so as to 
quent can be varied depending on given linguistic infor- 5 vary the amplification factor K of the amplifier 52. 
mation. This configuration includes a parallel connec- As described above, it is possible to multiply the 
tion of resistors r/i. r/>jv, r/s- tzR} ta's. ^NM- and t/^i output from the logic intersection circuit 104 by a coef- 
such that depending on the given linguistic information, ficient. In consequence, depending on the degree of 
one of the resistors is selected by an analog multiplexer importance of a rule or the like, the fuzzy inference 
57. These resistors tpl to ^^z. have resistance values 10 engine can be arbitrarily adjusted, thereby improving 
inversely proportional to values representing center the degree of freedom of adjustment, 
positions of the membership functions PL to NL, re- It goes without saying that the seventh invention can 
spectively. also be materialized by use of a software system. 

In the embodiment having the constitution above, as In accordance with the eighth invention, the MFCs 
compared with the conventional structure of FIG. 1, 15 101 to 103 of the antecedent and the MFGs 105 of the 
the equivalent function can be developed by the fuzzy consequent arc respectively housed in detachable car- 
inference engine with a size thereof reduced to one tridges, which are to be installed in the body of the 
third of the conventional system. Namely, the size of fuzzy inference engine. 

the body of the fuzzy inference engine and the cost FIG. 26 shows a external appearance of an MFC 
thereof can be minimized. 20 cartridge 60, which comprises eight plugs 60b serving 

The embodiment above includes the fuzzy inference as terminals respectively associated with input/output 
engine constituted in a hardware system; however, the signals and power supply voltage. The body of the 
engine may be constructed with a software system cm- fuzzy inference engine includes sockets corresponding 
ploying the similar processing method (associated with to the plugs 60b, On the upper surface of the cartridge 
the expression (4)). Also in such a software constitution, 23 60, there are disposed four trimmers 6Dfl related to vari- 
the number of processing operations can be reduced and able registers r£i, r£2» and Tm (refer to FIG. 7 for 
hence the processing speed is accordingly increased. details). By turning these trimmers by means of a screw- 
Incidentally, in the fuzzy inference engine of the driver, the associated resistance values can be altered to 
embodiment above, all membership functions set to the change the shape and position of membership functions, 
consequents of rules are limited to the same form in 30 When the adjustment is beforehand achieved by use of 
which the width and the gradient are mutually identical the trimmers 60a, the membership functions can be set 
among the functions. In short, it is impossible to set only by installing the cartridges 60 into the sockets. The 
membership functions having different forms for the MFG cartridges are also configured in the same fashion, 
respective rules. If the MFC arrays 11 to 13 and the MFG array 15 of 

In consequence, although the system above can satis- 35 FIG, 4, the MFC arrays llA to 13B and MFG arrays 
factorily cope with a simple control, when it is neces- 15A and 15B of FIG. 14, and all MFCs and MFGs 
sary to alter the degree of importance for each rule or to included in these arrays are designed to be detachably 
vary the form of membership functions, the system installed in the fuzzy inference engine by means of the 
cannot be efficiently applied to such a case. plugs and sockets, the replacement of arrays as well as 

An embodiment which solves the problems above 40 switching thereof are facilitated, 
according to the seventh invention will be described in In addition, the MFCs lOlA to 103B and MFGs 105A 
detail with reference to FIGS. 23 to 25. and 105B of FIG. 11 need only be housed in the respec- 

The configuration of FIG. 23 differs from that of tive cartridges to be detachably inserted into sockets. 
FIG. 20 in that an amplifier (a coefficient device) 52 is FIG. 27 is a block diagram showing a function gener- 
connected between the logic intersection circuit 104 45 ating unit as an embodiment according to the ninth 
and the adder 54 as well as the multiplier 53. The logic embodiment, whereas FIG. 28 is a graph useful to ex- 
intersection circuit 104 delivers an output h/ to the plain a function generated by the function generating 
amplifier 52, which amplifies the output h/ with a preset unit of FIG. 27. Variable values are supplied in a form 
gain (coefficient) K such that a result of the amplifica- of 8-bit data (x) to this unit. The 8-bit data (x) is subdi- 
tion is outputted as an output value h/from the individ- 50 vided by a bit distributor 71 into four high-order bits 
ual inference section 50. The output h/ is fed to the (xo) and four low-order bits (x). The value of four high- 
adder 54 and the multiplier 53. order bits (xo) is supplied as an address signal to a mem- 

FIG. 24 shows a concrete example of the constitution ory 73a and to an adder 72, which adds one to the re- 
of the amplifier 52, which includes two inversion ampli- ceived value. The adder 72 delivers the resultant value 
fiers 52A and 52B configured in a cascade connection. 55 to a memory 736. In the memories 73a and 736, the same 
The amplifier 52A comprises an operational amplifier, data are respectively stored at the same associated ad- 
an input resistor To thereof, and a feedback registor Kr dresses with a fixed plotting interval (dots shown in 
Receiving an input h', the amplifier 52A amplifies the FIG. 28 indicate plotted positions and are stored in the 
input with an amplification factor — KfAo. The ampli- memory.) From itie memory 73a, the system reads out 
fier 52B at the subsequent stage amplifies an input 60 an output (yo) by use of an address xo so as to supply the 
thereto by an amplification factor —1. As a result, the output (xo) to adders 74 and 76. In the adder 74, the 
input h' is multiplied by K=K,/ro, namely, the ampli- value is processed as a negative value (— yo)» namely, a 
ficr 52B produces an output signal h=K'h'. substraction is actually conducted. The adder 74 is also 

FIG. 25 shows an example of variation of the inver- provided with an output (yi) from the memory 736. In 
sion amplifier 52A at the preceding stage. The feedback 65 consequence, the adder 74 produces a difference (yi. 
resistor circuit of the operational amplifier includes m — yo) between the outputs from the memories 736 and 
resistors K]r» K2r, . . . , Kmr connected in parallel and an 73a, respectively. The resultant value is fed to a multi- 
analog multiplexer 58 for selecting either one of these plier 75, which multiplies the value (yi— yo) by the 
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value of the four inputted low-order bits (x/16) to out- 
put the result to the adder 76. In the adder 76, the multi- 
plication result is added to the output yofrom the mem- 
ory 73ff to produce the result as a function value y. 

Incidentally, in the memories 73j and 736, if the same 
data items are stored at addresses having difference of 
one address unit there between (i,e. at an address where 
data xo is stored in the memory 73a, data xi is stored in 
the memory 736), the adder 72 is unnecessitated. Fur- 
thermore, in a case where the operation speed is not 
critical, it is possible to employ only one memory so as 
to sequentially read out xoand x\ therefrom. 

In this embodiment, the description has been given of 
a membership function circuit of a fuzzy inference en- 
gine. However, the invention described above is also 
applicable to apparatuses such" as a standard pattern 
storage of a pattern identifier. 

While the particular embodiment of the invention has 
been shown and described, it will be obvious to those 
skilled in the art that various changes and modifications 20 
may be made without departing from the present inven- 
tion in its broader aspects. 

What is claimed is: 

1. A fuzzy inference engine comprising: 
a plurality of membership function circuit arrays 25 

corresponding to a number of kinds of input vari- 
ables to be processed; 
a membership function generator circuit array; 
a plurality of individual inference sections; and 
a concluder section for processing outputs from said 30 
individual inference sections so as to produce a 
final inference output, 
each said membership function circuit array includ- 
ing a number of membership function circuits, 
said membership function generator circuit array 35 
comprising a number of membership function gen- 
erator circuits, 
each said inference section including: 
first selector circuits each for conducting, for each 
input variable kind, a selection on membership 40 
function values outputted from said membership 
function circuit arrays so as to select one of said 
function values according to a preset rule, 
a second selector circuit for conducting a selection 
on membership functions outputted from said 45 
membership function generator circuit arrays so 
as to select one of said functions according to a 
preset rule, and 
an operation circuit for achieving a predetermined 
fuzzy operation on outputs from said fu^st and sec- 50 
ond selector circuits. 

2. A fuzzy inference engine according to claim 1, 
wherein said membership function circuit arrays in- 
clude membership function circuits of a number corre- 
sponding to a number of kinds of linguistic information 55 
items. 

3. A fuzzy inference engine according to claim 2, 
wherein each of said first selector circuits, provided 
with a first linguistic information item, selects a mem- 
bership value outputted from a membership function 60 
circuit array according to a preset rule. 

4. A fuzzy inference engine according to claim 1, 
wherein said membership function generator circuit 
array comprises seven membership function generator 
circuits. 

5. A fuzzy inference engine according to claim 4, 
wherein said second selector circuit selects a member- 
ship function outputted from said membership function 
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generator circuit arrays according to a second linguistic 
information item provided to said second select circuit. 

6. A fuzzy inference engine comprising: 
membership function circuit sets including member- 
ship function circuits of a number corresponding to 
a number of inference systems; 

a membership function generator circuit set including 
membership function generator circuits of a num- 
ber corresponding to the number of inference sys- 
tems; 

a plurality of first select means each responsive to a 
variable selection input for selecting one of said 
membership function circuits associated therewith 
from a membership function circuit set; 
second select means responsive to a variable selection 
input for selecting one of said membership function 
generator circuits associated therewith from the 
membership function generator circuit set; and 
fuzzy operation circuit for achieving an operation on 
outputs respectively from the selected membership 
function circuit and the selected membership func- 
tion generator circuit. 

7. A fuzzy inference engine comprising: 
membership function circuit array sets including 

membership function circuit arrays of a number 
corresponding to a number of inference systems, 
each said array comprising a number of member- 
ship function circuits; 
a membership function generator circuit array set 
including membership function generator circuit 
arrays of a number corresponding to a number of 
inference systems, each said array comprising a 
number of membership function generator circuits; 
a plurality of first select means each responsive to a 
variable selection input for selecting one of said 
membership function circuit arrays associated 
therewith from a membership function circuit 
array set; 

second select means responsive to a variable selection 
input for selecting one of said membership function 
generator circuit arrays associated therewith from 
the membership function generator circuit array 
set; 

third select means each for effecting a selection on 
membership function values outputted from said 
membership function circuit array selected by said 
first select means one of said values according to a 
preset rule; 

fourth select means for achieving a selection on mem- 
bership functions outputted from said membership 
function generator circuit array selected by a said 
second select means one of said functions accord- 
ing to a preset rule; and 
an operation circuit for achieving predetermined 
fuzzy operation on outputs respectively supplied 
from said third and fourth select means. 

8. A fuzzy inference engine according to claim 7, 
wherein each of said membership function circuit arrays 
includes membership function circuits of a number cor- 
responding to a number of kinds of linguistic informa- 
tion items. 

9. A fuzzy inference engine according to claim 7, 
wherein each of said third select means, provided with 
a first linguistic information item, delivers membership 
function values provided from a first select means to the 
operation circuit according to the first linguistic infor- 
mation items. 
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10. A fuzzy reference engine according to claim 7, 
wherein each of said membership function generator 
circuit arrays comprises seven membership function 
generator circuits. 

11. A fuzzy inference engine according to claim 10, 
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wherein said fourth select means selects a membership 
function outputted from said membership function gen- 
erator circuit arrays according to a second linguistic 
information item provided to said fourth select means. 
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